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(54) METHOD OF GROWING NITRIDE-BASED III-V COMPOUND SEMICONDUCTOR AND 
SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of 
growing nitride-based III-V compound semiconductor 
that has high quality by preventing voids when it is 
grown by using a growing mask, and that can be used to 
manufacture a highly reliable semiconductor device with 
high design flexibility when used to manufacture a 
semiconductor device or a substrate used therefor, and 
provide a semiconductor device that can achieve high 
reliability and design flexibility even when it contains a 
nitride-based III-V compound semiconductor layer 
selectively grown by using a growing mask. 
SOLUTION: An Si02 film 3 having a stripe shape as a 
growing mask is formed on a GaN layer 2 grown on a c- 
face sapphire substrate 1. The width of the upper end of £ 
the Si02 film 3 is made 4.8 jam or less. With the Si02 
layer 3 formed on the GaN layer 2, a GaN layer 4 is 
selectively grown on the GaN layer 2. If a GaN 
semiconductor laser is manufactured, a semiconductor 
layer for forming a laser structure is grown on the GaN 
layer 4. 
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83Sffi±ce{b«JJR I I I-V«5flj£tMMW**fiEft3F 

-a-s^icbfcSfb^i 1 1 - vmtb&b&94t<D& 

ZHffi.tt&mitV!>&l I I -V&fc^^ttOfiKS 

[§f*Jj?2] ±g3fi£fiv^^li, ±iS}©g#Tilii©(I 
«t u: i:£#$ci:-f S»*JI l ffl®><r>WXMW I 
I i-viR{b£»**M*©JSJl;&aso 

lT^±S©*I©tbW, /W 2 #0gW! /W 2 gO. 8 
T?**ci:t1*j»4:ra»*B2 83«8©afb«»SI I I 

r*±as©«©Jtw,/w 2 A^OgW, /w 2 go. 5 
Taa^fc*«fatt-*»*J!i2iaiSoa<b«9*i 1 1 

- V&{b£%*agtt©6£S7!j&o 

[11*115] ±8Bfi£fiv^^{±, ±iS©*S* s TiS©tB 

«fc b±g\,\zt*ttw>£-fzffi#.mimm<om<bv>}m i 
i i -vfit^ft*^©fiS;S^So 

[lf*«6] ±g5m«^^^©±SS©*S^W, , T* 
©ifi£W 2 ±gBfi£ftv**©TSiii©*f C*f 

t-^±«©*I©htW, /W 2 #W, /W 2 > 1 U 
W z >0) T:&2>Z£$:&®Ltt : bm&m5Bm<Dmib 

<&omi 1 1 - vm<t&®>*m#-(z>f$,mii&a 

[gl*H7 ] ±Sa*Jtv**©T«.©«* 1 jttmfiJLt 

t{,tzctzttmt?zm&mst.m<ombya&i 1 1 

- Vfltfb^»*iM*©J*ft#8. 

zzt&ttWLttzm&miBmvmibyj&i i i-v 

K<b£«i*«l*{*©J*ft#Ss. 
t£SS. 

[81*9110] ±Bl*ftv;**8:, ±*l©«;& s TiS© 
<I>1 <£ !) <h £ t n - fc "T i> gl*H 9 ffitt©**** 

So 

[gf*Jfl 1 1 ] ±gafiEfi^*<>©±«©*S£W 1 , T 
ig©*i£W 2 t LtztZ. ±IB^ftx'^^©T^©*i(C 

*f-rs±JHi©«©]tw, /W 2 0 gw, /w 2 go. 
8x-$>zztztt®ttz>m*mi o satt©**f*» 
a= 

[ii*jh i 2 ] ±aa«jiv;*i>©±«i©«*w l . t 
as©*i^w 2 iibfc^^x ±gBB)<;ft^^^©T^©*l{c 



*f-ts±SB©*l©ltw, /w 2 #o gw, /w, g o . 

So 
So 

[il*« 1 4 ] ±5Bfi£Rvx^©±S©*i4W, » T 
Sg©ig.$W 2 f: Lfci:^ ±gBJ5£fi' ; i'^^©Tffi©*l^ 
M-f?>±ss©ili©tbw 1 /w 2 *sw,/w 2 >i 
LW 2 >0) -c*ScJ:St*li:till*ll 3IB«© 

[IS*rS 1 5 ] ±HBfiRftvx^©TiS©<i* s 1 /zmfcl 

So 

[»*JB16] ±SBfi£fivx^J±x b7j7-B&m 

?zz ttttmn-r % mim 9 ia«©¥£«^Eo 

[0 0 0 1] 

[»w©JB-r-&tt»i5»»] c©»hmu mibmmi 1 1 

-V^b^¥#fr©BES^S*5«fcW : *#^BCg8 

u mitmmi i i-v^b^-^^&ffl^fc 
Sfctt, cn?.oHbMi i i-v8Hb^&¥*fl:* 

fflUfe*#f*:^S©iaJ§CffluS*««:^SSf^fflS« 
fcrjgffl LT iff as& * ©T-fe s = 
[0 0 0 2] 

[S6*©fefl5] AlGalnN&Jfift^SI I I-V 

w^^ip e>^^a*-e©«3t*^s C £ #T- g S C 

ift^U— tf^jt^ *-H©*-5ft^»«: 

[0 0 0 3] t Z 5T-v -JftfcU ^«{fc$?g©t$f6©ro] 
±*3£tft£i£©Sft£HS±T-fcJ:* c©#3?f*:$SB£f8 

dt-r s ©«att c sst- & a . m * is . 

«©G a A s ift^ffl^fcMTtrlo, 
©«S^Plg^«l±l 0 2 cm- 2 WTT-S)5o cntJt 
L, OaNJS*i»tt, *& ; Ffi-&t4©&^JgiI§*S«;a s 

£(C+f7 7^T&fcVDfe^£»©Jl&3SS±CC 

figft^ix^o C©fc#K GaNf^ft:$I^fe*lft 

§^alai:^c•^TV^2,o d©GaNm^f*©^S^RS 
©PplSCKLTtts ^^©'^^G aNS*##f 

7 ifi'^ta^ £%iz tt*SS^P(6 tc ioTJteSnsct* 
J§}g^*VT^So Z<Dfz&, j5^, GaN^4MS#©f£ 
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A ft K ® <ESA tf&miiZtlT^Zo 
[0 0 0 4] GaU&*mi*<D&ii,X.t&i$.}l$.<D 
fc*5)£Df**(D^i;-Z)t^T, G a NZmiZii-oTltiBR-f 
£>o Ga N<D£AftHM&&0&tt0!)£1 «*S 
fc G a N H t CDP B 1(^-(£)gfi£^IC i^GaN^AI Nfrf, 
^•2>/^v7 7ii$:t*A^--5C:i:TfeS (0!lx.li\ Appl.P 
hys. Lett., 48(1986)353 x Jpn. J. Appl .Phys. ,30(1991 )L 
1705) o Z.(Dl5&lt, mtHi. cmV-yrJT&^lZ 
G a N A'-y 7 rJB*ffiaWE«*-ttx C©±SPlc:^f*/§ 

lCi&§t£i*:£^f*II©.FQ®£ft±£^£> £©-*:&£> 0 
[0 0 0 5] LfrLfttf'bv Zfflfl ©TDjg&fflU/cii 
^TfeoTt, m&T2%XV&<D®giZ(*m&tfibK> . 
ftPG (tedgiilitit) SJgl*1 0' ~1 0"cm''l:fe 
oTU&o ^CTx GaN©$£AftPiBf£M©fc#>©S§2 

©SSfcUr, foil i-vM^?#©fiSli: 
fci»Tffli*&ftTi»*J:-3fc«IRja*tt*fi (0!l;U*\ Jp 
n.J.Appl.Phys.,28(1989)L337 ) fcfflUS ^ t 

^©±13 S i O, Jg^S i NIA^4-5JSS7X^ 
£ff5/&Ufcmrr2@@OTGaN©/S:f|£^-5o 

ClCDiS^ VX^TSt>tiTt\^:uP^Pg|JCDG a Nil 

^X^l3«fc-pTPS±^tii.CDl?. mS^^^±lc:/5Jc^L, 
£G a NJBI±«t ^£t£^ftP8ffij£©;aS®fc:*eAi:fc 

So 

[0006] ±i£© G a N ©SJRjfcfitttBCO HT«fc "9 
l¥$HCitt^Ti>o -fk*>*>v d©&i$j-C'ldu E)1 413^ 
r«t-5lC> S"T\ cSr*-7 7-f7a«1 0 1 ±ic«xtf 
5 0 0 — 6 0 OXflJg©{£>g7?fi£/)<0!lx.l;£2 0 — 3 0 
n m©7^7?7«(i!)G aNA777H^l^/: 
S*£>gJg£1 0 0 0°CflJ^^Tr±#^-ttTC<DG a 

n / \- -v 7 7 Jl 4 in +i t: £ * v -f n iz <fc >? *s a \ b £ 

•it. i£A*li©73<ii/) ? ^3o/c$>*£A©Ga um£WzF&? 
£>o ^L-T, d©^*SAGaNJg±IClGaN:&&.5fIjg 
JP< ( 13 (* 3 m mil* ) JS«* ft P8 

10"c m"'SSO#ea<DGa N/1 1 0 2 /)<{# 
fcti-So Z©GaNJB1 0 2±I3S i 0. gt&Jf 

1 0 0 0 o CfI^<DS^T^^)S<b#^afi)cft (MOC 
VD) &-\WW K5-f Ktfixt* + v + ;KSS (HV 
P E) &l3<fc 0 G a NfcfiEJIii-tt&o -T-St. )J177 
*T?S;b;h.TH&l^ngP©GaNJ§1 0 2 JtlCJiS^L, 
fcGa U\tmy5fal$£k\ZJ:-2Tf$£k^X<7 1 0 3±I3A 
*><^T^£, GaN&fc&fI|j&©I12j#:EI£-tt£>i:. fiX 
fiVXd7 1 0 3<D&fflafflfr*>Wftfaf$MLrzG a N*S 



aii)±ft<^LTa^6t)^miia©Ga N/81 0 46</=S 
*-r-5 0 3©fc£. 01 513^-f <fc^i;r, ^-77.^1 
03l©GaNI1 0 4 ©*>•£: t>t\ J&fl - ?^ 1 0 3 
©HaPgp±©G a NJ1 1 0 4©JiaiEttt«*|qllCtt6< 
^T. GaNjfl 0 4 £&tLT©* 5 AftP(a 

[0 0 0 7] 

i&wwm&L&o tr4»a] bfrL-fcfi<t>, ±a>© 

G a N©*£A*PiSffi;J$l3liW#J 
-£=fc3t©©. 111 1 6l;^t"J:3l3v MVZf 1 0 3 
<D#WaSP^6«l*fil/jJt*UT#fcGaNfl|1 0 4|s|± 

j&h^x^ 1 o 3±©i5«s«t>*»casi^T^-r* 

WICs =ft»ttffl»fiB^tt«:*rS3Sffl (#-f K) 1 0 
4aA<filtS?^^ 1 0 3©J5ft*|Q|l=»-3T«S*rSfc 
tA^F^HA'fe-So C©<fcdfc3£>|i01 O4a05?fSt5G 

aNii 0 4±ic v fiaj^tf, u— ifWJfiftjKdcrs^ai 

^fe^^i+T G a N ifc^f* U -V bfc^ 

$ii=s± ic mis. ztiri^zt. mmmizz o&m 

1 0 4 aA^it^^TiJ^MLs fc^CfflJStt** 
IU <f£T-T-i>i:t^5HSi/) < fe-p/co 

[0 0 0 8] ^CIT, ±ai(D«fc^&^1 0 4ai;i@a 
TZ>m&(D§1t±Ztt<-tztblZ, ^©GaNS^ffcU 

gP&C©^;H1 0 4atfMt5JSl^7^1 OS©* 

( ^3 5. If Jpn . J . App1 . Phys . , 36 ( 1 997 ) L1 568 s B 
S^MjtT/W7i1 6 2iM^M1 0@Sf^» 
*4p.18) o L^L«:A C &. C©^, Xh7-f^P©>52 

S f S - i: A'T t "T\ 7-V \' -T X *^'J^ * ti -5 h o 5 

[0 0 0 9] LtAbt, C©^B^©@^}li. mWolh 

&m<D&*k*wm L-o-DMs&nomit 
^^^isifcii^^iigs?5Sfflatg©^3air® 

^^^©^^rjS^lSftrscifclcfeSo 

[0 0 10] Z©^B^©ffll©@^)l±, ^lx-7^?:SU 
[0 0 1 1 ) 

TGaNfl 0 4$rS^fi)cS*-ttfc^-&lCx »M7X^ 
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1 0 3<D_t6Bt::fc»5GaNJi 1 0 4 (c£vPU 0 4 atf 
^^-r^^littx GaNil 0 4 0J$filfe#i;:*tLT]e£ 
M^7#l 0 3 0*1, «r£, iSft^X^ i o 3 0±<SO 

i o 3<D±m®m&mmm&*)*:g^zt£&z>zt* 

[00 12] iliC> jffifi^;**(D±*©*B&&£-rG 
a NS^jllRfiJcg^^s nttitzG aNJIK&ttS^iH 

L&*>ofctl£- r 0 j S^DiyhU 

KjfcOTteU I I I JK^*T*3Ga©IH**i: UTI* h 

y*^;i/#y£i» (tmg) vK7c*^S>^N©/g 

*4i:LT&7 7 >^~7' (NH 3 ) feflH*. 

^ LtttzkiR (h 2 ) tmm (n 2 ) tcom&xx&m 

±l:MOCVDi£C<j;<9GaN12$:^t§o CO 
GaN12lt **\ *«fflft*5 0 O'C^ltcElf 
7 7>f7ifil±CS* 3 0 nm©GaNI (^7 7 
Jf ) ft««dcft*-frfca. 1 0 0 0°CflJg^ 

^±#^-&TC©iSiaJ5ES«-cfcSGaN«±t:#tgS© 
G aNjf 5 dhtCck t)ff^1"i>P SCiC CO 

G aNJi2±C<b¥St«fifcft (CVD) i£(C<£ DSiO 
2 II13^MtSo CCDS i0 2 i3&'JV^7 

^ -f SS^cttifiy^V^ffiC «fc & cIit7r^7Si 1 
CD (1-100) #fpjCS££-f h7-f7»ttCA^ 

a^X^7hlt(DS i 0 2 §I3 0±5SOilWi £'£<b 
£i*feo S i 0 2 l«3<DB8Pgl5(D*I«:8. 0/zm 

T-ffifcUfc. *C fi!cftvx^i:lT0SiO 2 I3 
^J5K*nfcGaN>'^y7rJB2±«c x MOCVDSC 
£ ftfiEKiSK* 1 0 0 0°CCLTif * 1 0. OnmOG 
aN@4£/&;Bt£^£>o CO^^> T 
MG©fii(il2cc/mintU, NH 3 ©«ltt4 
1/mintLfeo "J ritf^ConTHU H 

gOtt ( [H 2 ^OStft] / ( [H 2 + 

[N 2 ) l£5 0%£Ltzo 

[00 13] 11 Si0 2 'H3©±«©iW,# 
4. 8jLtmcfc»)^Sl^^tt^ GaNI4W:$S^ 
4LT^S©C«LT, S i0 2 flI3O±^OlIW l # 
4. 8//mWTO«^t GaNf4*C$WML 
Tl^a^Ci:36*t)A»5o tU£>*>, 



^^^"TiCGaN)14*a*RfiES*^SCi:* J olHl%S 

1 0 2 SM3O±$SO*lW 1 0±PM(i, 4. 

[0 0 14] »Jlcff^fcll»£<fcixK* 
4**-f CGaNJl4ftatl!fltft**4i:4:#Rri6as 

H 2 #*i:N 2 «xi:©ai»Ottt:j;»3*{b-rsci:tf 
fitlg^nT^-So 0 3i:, GaNJ14©fifcgB$fc:fcttl> 
H 2 #*£N 2 tf^fcO^ffO^MKft-f £H 2 
S6«OJt ( [H 2 #*<JD«E«] / ( [H 2 #;<(DSt«J 
+ [N 2 ) ) 4 3 5 . 7 %h UT, ±5$*: 

R]«l«:*»4tTofci:S©e**^-r 0 i3 
S i0 2 Sg3 0±*g04iWt #5. 8junicfct)*; 
#^«^CGaNJB4*£ffi«#$8£U Si0 2 S3 
CD±^OtIW 1 ^5. 8/imWT©^CGaNI4* 
CSW^lSii^i:^!)^ H 1 IC^if JgS&ggjH 
fcJtRLTx S i0 2 «3 0±$gO*iW l <D±KBffi#£ 

[0 0 15] :c^ s H 2 #*4:N 8 #*fc<D^SKZ>8S 

•^^(cGaN®4*MJKJESft^^^Ch^pJtg^S i O 

2 m 3 o±«o*gw 1 (Dtmrnt* t'wmiz mtt^Mz 
•di^Xs m4*^m^xmw'?2>a mi*, fiscal*. 

0±EfiSS^-To 04J:^ H 2 ^7y0°/o©S^ S 
i0 2 K307^^0±«©BW,^8. 5//mWT© 
itlt G a Nl 4 WSI^^ H 2 ^*^ 

AS1OO o /o01^ SiO 2 I3©v^^0±«©iW 
,#1. 5 jumWTOlit G a Nf 4 * (D^iO^S 

SH 2 * , ^©8ES©Jt*&SfiS(wlS^Lfci:&s SiO 
2 SM3 0±^OiHW, lig|4 4 I »»a(?>T«©fS«OSS 

^S©MWit^GaNf4^fi^t5CW s 

[0016] Sfc. 0 4<fcQ* Witt. Si0 2 8H3£> 
±*8©<fiW l &4. 8#mi:L*r*§£rte> H 2 U7<Dtt 
^5 0°/o«TO):§i:, 5i^^t^tri:GaN14 

CD«W|*^?e){:»<Lfea^ fl»J*ttS i 0 2 K3<Z> 
±*8©*iW,£3. 0/zmkLfeS^lt H 2 #*©ifc 
£8 0%icLT*GaNJ14tctt£p;b^£U#^o L 
tzfr-^X, f&&&mzttt 

tfx^o ^tc> Hftfc:* H 2 #*(Dittf^>tefc\ G 
aNJB4^«*rai*ftrs»(0ffi*aSCtfia^«Iql(ca 
SOT% ^©^i^fPSlLo^IMSCSt^Biri 



- 4 - 



(5) 



ftffl 2 0 0 0 - 1 6 4 9 8 9 



[0 0 1 7] 2*>lZ, giJKffofclSJKCiftK* 
*^**rCGaNfli4*ai(Wc***4C:i:/)<pI*«: 
S i Oj «3(D±'«<D«Wi CD±PR{8(4. SiOiI3 
©»« (BriBJBtt) Kttfrtt*\ S i Oi I3 0)M^ 

[0 0 1 8] fiLtli* cmV-?7 4 7&fo±lZtit&$1k 
fcGaNiia)±!3x Si CMVX^hLTGaNI 

£S (aS*E±C**#«6<J*«**tfc*a)**t?) <D± 

[0 0 19] dOSMHI** **W*liJ:*tt±a>Jtd«c 

[0 0 2 0] Tfc*>*. ±sBBftft«dc"r*fcA6C. c 

«BT?aHfi±lc*<Mb*I I l-Vjfcfb^»*»f*&tf 
**-tt*J:^l3Lfe»ft**I I I-VJJHt«**S«* 

[00 2 1 ] C<D«W<D»2©«Batt, ««±fc:i4*^ 

[0 0 2 2] Z(DmWlZ&l\T. f$L£k'?Xt><DttmtL 
x(i^bvU3> (SiOi) £fcf*Sfbv»J=i> (S 

(»atttBfbft» 1 1 1 - vj^fti«****JB) 
[0023] :^cjii^s sfb»»i n-vis 

fb*S#l*3H*H\ G 3 n A 1 N In, BS«tt/T1^6 

fcl±P«:St;VJS7c5Ri:* x &*c6o ca>a<b*»I I I 
-VM^*iWIWJ6fl^h> GaN, Al 
G a N N Al N, G a I n N v AlGalnN, I n N 

[0024] ^(DSswicfct^T, sfb*i* in-vs 



[0 0 2 5] ZOUWEfcUT, fifcftVa^tt* ±*§5<D 
«fcT«0)«fc/i < KB*l/<r*J:^U. ±4JhO)«/i<T 

*£<Tfc<kU 0 atR/S^fr^*^ /SUV 

fi»-r S Hj** x & lilft* ^ * * <DT*£<7)*Sl4:* # t ^**< 

i/Wi ii. «a.ii0tei±0. BtlTiaiih, 
±SO)*scoj:bW, /Wi 14 1 cfc < s »3Sfc:(i 1 . 

5tt±T?fe4 (f;£U W, >0) o j£*V 
Eli. dOitWi /Wi ©±PBI48§jKT?fe3o 
[00 2 6] ±aa)J;'5l^«fi£**tfec:(D*9J^fc^r 

1 1 i-v«Mbft»*aw**SE«*-tt*^t*«T?#*« 

[0 0 2 7] 

[*WQ)jtflia)JB«] SIT* ^©««0>S5IS»IIIC^I^ 

[0 0 2 8] Jf, ;:<D#MB<DJS1 ©ftJfflBHSEJ:* G 

<D3SiWB1BEJ;4G a NJiOJa^aSr^To 
[0 0 2 9] dCDtgl CDUffi^JlCfctxTIi, 03 5 A 13 

TjkT^oiz, m^ic^wy 7 rm^i ±\zmxa 

5 0 0-6 0 0 o Cm&G>f£.}&T'm$timz-{£2 0-3 0 
nm(D7 : B^77^tt(DG a N /\'*y ? 7^6/5^4 it 
it. *K>£fi£ 1 0 0 0°CfiieST-±»4-ttTZ(7)G a 

n a- y 7 7 m * m x t: ^ * v * ^ /* n i c J: o * s n < b * 

^>o ^LT, Z(D*e«GaNH±l3GaNS:fe*gjK 

if < (&mmz\t 3 Atmgjg) rtfi*-&4t. m^^Pta 

^Jg A« 1 0 16 c m mgLCDmZikCD G a N/1 2 6 n 

^> o 
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[0030] &t % mzfty y«**tr*»**flJlrvr 
itTOPlft*T?::t{C£>K GaNg2±£>i5ft-$>gWti 
i^t?»o «tc, m5BC^^ctd^ N GaN12 
±H3f^JESMfiE*t: J: Om«©iS*OS i 0 2 K3 ft 
JB*r«. C©Si0 2 «3CDJB]«C:tt, MillCVD 

*©+T*CVDffiftfflU5C:i:#S?£L 
mz, Z<DS i0 2 K3*'J V ^5 7^^43 J: tfai 

Ln «R"77«tB«t5o -CDS i0 2 S3©;^- 
m«RI Efc*7*aftStr*S»ft^ 

i0 2 fi!3^-->mgi:, -?x^g&£>±^<2> 

c©jGSftv;*£fcLT©s i o 2 M3<0±3S© 

Its C©Si0 2 gl3©±S©*sWi ^^T^T^CDfiW 

<Z>ttWj 2. Oyum^iTSo CCSiO 

2 BS3©J5$J±«li«0. 2//m!:t§ 0 
[ 0 0 3 1 ] «ctc> fiEgv^^i:LT©S i0 2 JBI3# 

jEA*nfccH*7r>rra«i*MocvDS6itrtt: 

aSA-TSo C(DMOCVD81lt #Jx.&\ 5^*>L< 

^i* (TMG) fc£tf7>^~7 (NH 3 ) ft&*&-T£ 
««^gft#Jx.l£5 0 0°CJ^± 1 2 0 0°C£TF 
<&flfj£<0/£SH«fc: U MOCVDatJ:0GaN©« 

2 £N 2 h<Z>zg£-#*ftJ?H*3o 
[ 0 0 3 2] Z(Dm. GaNCDJ5E«if«^a*L<ttl 
0 /i m/ h ft S cfc 9 C JS»<Z>tt&*ft Mi U £ 
fc. ^t'J/^W^Il H 2 #*fcN 2 

8t«] / ( [H 2 *^©-«t*] + [N 2 

«] ) ) #W;ll£5 0%&T£ft&£?l^ Zix^tio 

m&mzmmtZo ztz, m&um&s o o°cw±i 2 

0 0°CJ^Tt:-r§O^ 5 0 0°CUTO{£^T'(±S«± 
T:§t\ -JS, 1 2 0 O a CfeJL±OSf»r-«iJB*4<0«-»« 

tt l * g t ft f&mmm »imtt § ft V > Z t 

tt. ClCD/SIISKft 1 0 0 0 o C^lT£o 

[0033] sjCBrtcDStEaft^a^jftftaKka 



GaN<JD*Sil«#S i 0 2 SI 3 ©BBPfflt:*5»4 G 

gii«U -®*IBIia*fctt*ttU Si0 2 
■13 OMa«C*tt* Q aN12 ±C«K*«B©G a 

4 <93t® # s i o 2 m 3 ©as t mm-omz iz u 

%o ZZiZtfZ&ZmttZt. GaN«4tt»£ftJ8bft 
A^Si 0 2 ^3 ©ig^fp]-NOlll^fp)J5E^{c J: D S i O 
2 JK3±(CsbJ5£RLT^<o GaNjf4©j$ft#££>{c 
*trk, Si0 2 §K3(0«BBP«S/p&«*fi!J«ftl/feG 
aNH4In|±A s ^ne)0ffi!lST^'rSo GaNJI4£> 

mzftpftfeomzizte^rz^&T'. mscc^r^? 
iZs mm-h^tmm^mcDG Qi^m Ai^mmmtLxm 

<btlZ>o ZZX'\±, ^©GaN14 ft#Jx.l£ 1 0 . 0 ju 

[0 0 3 4] w.±oj:o(Cs z<omioymmm\z&ix 
tt, c Bit 7 7 >f 7Sfi 1 ±l:M$ ixfc G a Nf 2 ± 
tc, ifv^^i: LT£>;* h^'fT'MOS i 0 2 13 
eMl^ltGaNI4MS^t5^C, Si 
0 2 US 3 ©±*<OBW 1 ft 4 . 8/imWTi:IIftlt 
S i0 2 K3±tc;fcc*TSi0 2 BI3 
O&BBPSP^ e>«*rajScfi Lfc GaN14 RttA^ft-T 
SBC coffl^cffiiH^^-rscftaifBJ-rsci:**" 

t-^^o cmc*^ 36a©»if«^AHftjesttft^ 

Lt G a N/1 4 ftfi£«^-fr&4iOft*«»«««!®fflS 
fa£l,Xm^Z>Zk:lZ&*>, 1-ftfc>*K Z(DG aNi 4 

±izm<b®}&i i i-v^w«*i^s^« 

[ 0 0 3 5] fttc, c:©*^cD»2o||Jli^««c«J:SG 

eiNMvm&fimz-D^TmwTZo 

[0 0 3 6] Z<Dm2<D9zmmtZ&l\Xl*. GaNf 
21CMU:Si 0 2 HI3ft^ h^>f ^Bttt:/^ — 
nv^UT^S^^^Mt^gC, H6Al:^tJ: 
S i 0 2 ^3ft^-^-^^^>^U vx*§{3 
i0 2 SI3cr)±)fficDi|iW 1 A s TScDiIiW 2 J: 
!>'h*iv IK^w^-tt^KrffiiBttftW-rsjffiSv^^ 

5 i 0,il3CD«BI*rt«C»«b&^-^-»tti:a: 
Sct9C> COSi0 2 R3S^-r>mo CO 
«-&(Ct5C>T4>, S i0 2 IS3©±«©«Wi (i4. 8 

i^c jH«£ffl»J2»***» e> n 5 <k i (cjScR ^ ©is 
ittc:S*KftJ§fc^Sfi^^, Si0 2 8I3<DT^O 

*§w 2 tr*r-ra±iB©(sw, cottw! /w 2 

0tt±0. »«t:«40tt±0. 5KTi«o 

R^WtCti, S i0 2 K3<0±«CD*SW 1 ft 4. 0,am 
tU T«»©«W 2 ft8. O/^mhU HP»©«Wj 
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£4. O^mtt^o Sfc, S i Oi j@?3<DJ?£(41 . 

[0 0 3 7] El 6 BiZ^TXoiZ. mi (DWfSB 

fflfcfcltafcWICs GaN12±i:^77^^Lt 
<DS i Oi «3*»J«Lfe«ll|-CGaNJI4«:rt«*-tt 
So ^(DffeCDClkl*. mm oxftesfcrnrefeso 
r% kh 

[0 0 3 8] c:G>«2©St^J8lc.fc'pTfcx !g1£>^ 

[0 0 3 9] 3 (D&Wom 3 CDSI*£^«JI- cfcS G 

[0 0 4 0] C©»3CDigffiJBf8l3*H*Tf*. El 7 A (3 
^■TcfcolC GaN«2JtlC?BJ*LfcS i 0i JK3*;* 

irfcit^hn^co^-A^x^^v^^fft^ z<om. 

^Xtmztelf&S i Oi «3(DS«©«ffi/)^ *-<d± 
ffid>Kff*ffegPT?£S-rS £ T-x * ^ > £*T S 3 t \Z X 

o v ±ffiiz¥*iSP<Di3^^*8iK rftfc^s ±m<of& 

1 0; M3 0)±iS(7)*iW» £0 4: U TigO*IW ? & 
8. OMmh U B8PgP<D!lSWi £4 . O/zmtno 

S i Oi Jg3CDH£[i1 . OumtT&o 

[0041] ei 7 BizniTXoiz, m 1 nnmrn 

CDS i OiBI3&JBfiSUfe«IBT?GaNJI4*fiR**-tt 
So *©fkcDCkl*. «1 ©WS»»kB*ll"Cfeft© 

[0 0 4 2] CK7)^3CDllSS^lC:cfcoTt,, SB 1 <D^1 

[0 0 4 3] C60«5W©J((4C[)»JBI5J8l3«k*G 

[0 0 4 4] C<DJg4(DSI*tflS«8^fet^TI±s GaNI 
2±K»jSELfcS iO,I3^X h7^7MC/\^- 

S i 0; K3Sr-/t-iyf>?U VX^SP 
KfcltS S i Oi K3©±«0«W, tfTm(D<mW, X 

JB«t&4<t"5(Cx 3<DS i Oi 13 £yt*-->y-r 
S 0 :^nCfcUT^, S i 02 gM3(D±ig<7)i|SWi 
1*4. 8jLtmHTkT5» *UfllJlfcRStt*<Dffi 

<DT*S<Z)*sW, I^W-r4±4S©«W. (DttW. /W 

2 (4. «iltfOtt±0. 8 BIT* »ai3tt0tt±0. 5 
i;(Tkf<S„ R^ttt, S i Oi fij3©±*BG)*Wi 



&4. 0/zmkUT«©«W,t8, OMm^L, ^ 
PgP<D4gWj $4 . 0>um<h-f So ££x S i O, B 3 
<DJp£l41 . 0/zmhn o 

[0045] ;*fCs ei 8 Biz7jk?j:z>iz x mi o>mtfcm 

CDS i O2 «3*JKfi)tUfctt(BT?GaNH4«:fi£«** 
So ^(DffiKDZklis ^1 ©H*SJBfiSi:|5|«lTfe5(D 

[0 0 4 6] z(om4<omtmmz^xt»s mi (Dm 

[0 0 4 7] ;£f^ Cl(7)SI0^(DM5<D||J5S^?Jl3cfcSG 

a Njiodc«*aj3ot^rKW-r*o 

[0 0 4 8] C(D^5(DH*£Jf^J(3fc^Tl4. G a NM 
2±[Zj\mLTzS i Oi jg|3£X t>^4'7&ftlZrt* - 

lZfclt*fcfi*<D^wt-Xy*>y4frl\. CKDj^s 
El 9 AI^^Tct^l^. "ST^gMCfclti Si 0,i3(D 

iBflBa)«ffiA^ ^<D±isa)i5tS4 i *gUT-x^'r s sr-x 

rtt-T4o *f*WI^I*s S i Oi JK3(D±i8(DMW, $0 
t U TiScD*iW; £8 . OMmk Uv MP&PCDifiWa 
£4. 0/zmtn o Si 0ii3Og^(i4. 

0 Atmt'TSo 

[00 4 9] folZ^ El 9 BC^tct-pCs §1 1 oy^Mfe 
m\Z&l+2>k:mmz, GaN12J:«^^^kLr 
CDS i Oi K3&JKJaLfc«SST'GaN/i4«:fiJc«d-ti' 
So ^CDftKDClkl*. IS1 (DSU£^?Jhl5»fT-feS<D 

[0 0 5 0] CKDSSSCDHJfiJBffil^ckoTti > ^ 1 £>H 

5(DH^?J^fct^T(4x /&SV;**fc LT<DS i Oi 

^a>»«dj»*(*, mi (D-mmw^mx^om^o 

[0 0 5 2] C(D*6(DSUfiJBffil-*5l^T(*. G a N /I 
2±K:jfcJ#LfcS i0ig3^7 h7-f7Mi:n^- 

->>/UT^y r ^^^^jsrsi«icK hi oAc^t 

X^iZ, SiO,I3^T-M'-x^>^L, 
^SUlZfeltS S i Oi m3(D±m(Dmw< ftTm&^VsJ 
2 ^^-/^-ttCDKSff^^Wt'SiSft'V 
X^&ff^-TSo CKD^I-fe^Tt, Si0 ; I3O) 
±^CDifsW. 144. 8 AtrnttT^TSo :©ip^ S i 

01 ^3CDT^CD*IW2 ld***rS±5S<D'liW,(7)J:tWi 
/Wi 141 < s BiglClil ■ 5L;JL±-C£>So S 
/cs 3CD^-&. S i Oi JB5 3<DT*S<D*SWi liOckO^: 

hrs„ JR(*WI-«i", S i Oi K3<D±i8i<D4gW. fe 
4. O^mk TSStD«W, & 2 . HP 
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[0053] mi oB(:^t«t^c> %\<o$m 

TCDS i 0 2 I3aMU:ttiTGaN|4M5^ 

[ 0 0 5 4] uCT\ El 1 ltd, C<Di£^-/S-«(DW 
tf^S^fo HI HZtfT£oIz, &&(DWmz&\,^T 

GaN^4co^B^s i o 2 m3(ommtm$m~ 

(DT^ZlzUZt (S i0 2 SM3(D^P^^GaNBM4T 
. GaN/f 4£¥iI&^®(CJ$:§l£-tf£ 
<9£^<ffi£:&3o £e>(Cj^§£^tt£k. GaNI4li 
J¥££*iU&#£S i 0 2 J!S3<Dipi;5ft^©fg;&ft/£g 
(rJ:!9Si0 2 M3±(C^fiEftLT^t> Si0 2 I3 
CD^P^^?>^^lp]^Sb^GaNg4IBJ±*^ne ) 
c7){PJjaT-&^-r^o G aNl 4 0/l^^p/T^Jf ZiZtz 

^^±ic:«^fp]^b^GaN^tc^Miltete3b^I^^ 
#*IT^S (SI 1 5#!«=0 *K ^-/t-^O^KS^X 
^^ffl^Xr^^. GaNjf4^M^ffi^S i 0 2 J3I 
3^<PJj®{rct-pTI5Sil:^n^/r^s S iO z m3±izm 
MlUfc G a Nil 4 ClillgfiA^I gm&tite^ 

Z<Dm^. S i0 2 M3<DT^cO«HW 2 C3M^^ 

±mcD<mw x oirfcWi /w 2 s i o 2 m 

3cDmumz&\,\TTmti>b<DWM.mtL&s x o 2 i3 

i 0 2 m 3 <DT«<£>*IW 2 (C^tt-^±yiO'HW 1 ©J±W 
, /W 2 »jS(clil. 5W±, cfc SSfiSUil . 7 

[0055] zv>m6 comMBBiz £-dt&, mi (Dm 
mm t. mm Km&zmzzt &t- s % o 
[ 0 0 5 6 ] ac, z<omn<omi <?)»siasG 

2UC©SJM^ffi^^-ro C(DGaN2MM»ttV-1f 
(3, SCH (Separate Confinement Heterostructure) 

[0057] z&mKDmmzmiz&^xi*. 112c 

(CcfctK cS^7?^7SKl±CGaN12Ml^ 
t*\ C(DGaNS2±tcj5£ft-^^^hLTCDS i 0 2 SI 
3*JfcfiRU *O±CMOCVDSCJ;0Sffltf¥a-(f 
&»B£Mtta<Z>GaNj|4 L-OSHSttft 
^l^i^TMOCVDSiaDs Z(DGa.Nm4(D 



±5Cn^GaNn>££ hjfS, nSAlGaN^^ 

nSGaN**«[J17. MiBGa^ In, 
N/Ga H I n y N£M^#F«ii©iS£JB 8* p 
SGaN*»«19, pSAl-GaN^7yh'B10* 
J;O f pSGaN3>^^ hjf 1 1 SrHJfcjEKS^^So d 
<2i:§> cn^>OScDT«&^^i>GaN^4^iS^ H ^^ 

I n^^4oIT*$)5nlGaN3>^^ M5, n 
SAlGaN^7^h'f6, nSGaN7fe«J6/i7. p 
SGaNM$I9, pSAlGaN^7yFI10* 
J:i>'pIGaN3>^^hi 1 1 ©/Sftffl*tt«*tt 1 
0 0 0°C*IJgkU InSttritfeSGaH In, 
N/Ga H I n,N***?#^«IJtO»tt«8<0jS; 
SiSKtt«liK7 0 0-8 0 0 , Cfct5o nlAlGa 
N^^iv KI6*<};VpiAlGaN^7y h'HO^ 

I I im^mommt. mz&Ai&i o%. Ga#9 

0%T'£>3o 

[0 0 5 8] CCTn ZiXh<Dm<DW-^<D-m^m^ Z> 
n^GaN^>^^hi5^3/zm s nlAlGa 
N^7?/KI6tt0. n^G a N^^^il 7 {£ 

0. 1/znu pSGaN3t*819liO. 1/znu p^ 
AlGaN^7^K110tt0. p^GaNn 
>*&hmi 1120. 5/zmh1-^>o Sfc. nSGaN 
3>^^M5, nfAlGaN^77F16^J;tfn 
MGaN7t«««7«wli k Lr^J^i^S i£ K — 
7U pIGaNMi!9, p MA lGaN^7^ K 
JB 1 0*5«fct5p3gGaN3>^^ h/i 1 1 (CfcfcT^-ferr 

[0 0 5 9] Z<D'&. Ztl^COmiZ V-y^tltz K:*— 

«i£Ji9, pSAlGaN^7-; h'jf 1 0*5<fct5pSG 
aN3>W Ml 1 iz Y-zr$1\tz721z7*<Dm>U 

[0 0 6 0] &tc, pSGaN3>^^Ml 1±C, 

T, MiKRIEftl:iDnSGaND>*^MB5Cf) 

nSGaN^>^^ hJi5<D±Jf gB, nIA lGaN^ 
7^16, nSGaNMS17, r£+4J18, pMG 
aNjfcalf&Jf 9, pSAlGaN^7y h'JI 1 
pSGaN^>^^Ml l h7-f7tt(^^-^ 
>^lT So 

[0 0 6 1 ] fttC x^f>^:ffli^l/yX h^* — 
>£fift*Lfcf£. pSGaN^>^^Ml IJiCM 
BNi/AuK*Ni/Pt /AuBft if* 5>65 P®J 

IGaN3>^^7 h»5±£t«;itf T i/A 11^6^ 
*n(!H«ffil 3e^t^o 
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[0 0 6 2] d©&. ±5&(DJ:olzLTl'—>fffi&tfB 

-r-5 0 friz. ^©/\--sy-<'v>y^'X^5^7«:iri3 

C H fltjgl© G a U&^mttl'-iftfm&ZtiZo 

[0 0 6 3] zoma>wiB&Ba.±ti.tts u— v»* 

;!©/#:!:£;££ fflOTU£> CI 1 13 <fc 9. ji®B$JZ@*S© 
JSH £ 3&}fl©5B t >ftl& G a N Ji 4 1W§ & *IT 

[00 6 4] .I©J:-5l;:GaN/f 4*13 331*3^ 

mo>%^zw&\t % z t-vmnftommzwjit-rz z t 

ii<-Z$&Z£fre>. fi£*©<fc-5l3. 3S5B»*«C«*»lt 
T«i36a»i:JSc4^ K^-f ^SU^Jfs^t- 3> «fc ? 3: £ 

"?;*^<hUT©S i Oifii 3 ©JI:R*fij 
mCDXfo [ZBf&TZ ZttfT-Z, Lfctfot, 

1=1. ftlxtf < 1 1-20) ftfoW^tHi, ^©/5(£]I3« 

£iil£;*;£-C : t£«fc-pl3fc3o X h3 -i ^gp©m 

fi&fiiHfcS i Oi m3(DBf&iiL&tltte±L\Zl&-£.TZZ 
}itfT-%Z> 0 3©.fc^l3. Z(D%i7 0>ni&fcB\Z&*l 

Jl 4 13 33 UT£;|5]©#§£A<»fiiJ * 3xT t \ £ 3 <L 13 «fc K> . 
G a N^^f*b-tr©l£I+©gE&JgA<ft±ir6 tio 

[0 0 6 5] W.±d©*B^©HJSJf^touT^f*6*)l3 

[0 0 6 6] 00*. 13:. ±ifi©^1 ~^7©H^Jf$.«lc33 
HT*lffc»ffix *t*k Stiu JSSNK 7 □ -tr*fc 

SttflU *itx ttfck S«x J^*4v 7ci-b;*fc££fflU 

[0 0 6 7] g#ftl3fi. ±iE©*1 ~K7©Ht»B(8 
l333UTIi. f&^^tt UT©X (-7^7M©S i 
O, »3©i2&-f i^lqjfecffi-y-^yf 7*451 © <1 
1-20) /3|qll3lS£LTUSA<. 3©7. Y^-i-fBW. 

rosiOi jgi3©iii/2>;Sf£]i3: (1-1 oo> ^fa^is 

^LTti^,, *fc, S i 0, JR3©Bff®fl5ttllMUT 
t, IS 1 ~-fr5 7 ©i^£Jf5figl333UT#!l^ U/cWy|©Jf5t*c 
tLUJ;i»» -0!)&3*l-/&t. mi*. EH 313^-T 



«fcdl3. S i 0, JS3©±li$^TftSI3i 

fe«ku 0 CCD*** Si 0. JH3©±®/)<ifeT&®l3«t 

S i O, «3©±4S©ifiW, &0-UibZZtlZ& 
9 » 2»>B**fero«HH«MRIi* 1 OXMBBBJ: OXii. 
[0 0 6 8] ±j4ffl»1~*7©SIMJBI»lc:a3t» 

esizftirc* si cats, *t:*;i/»ts. znoats 

fc£Sffli»Tt»«fcit 0 fiE«73>4i:UTIi, MOC 
VDjSW^lCs HVPEii, MBEamJfll»TtJ: 

1*0 

[0 0 6 9] *jfc x ±aro«1~»7fflS|jBBJBt*Jt\ 
Ttt. SE^^tLTS i 0, flt3fefflUTU3/>«. 
CWJ, S i 0, I3CftxTSi NMfflUTtJ: 

CW^Hy';*^*: LTI±. S i Oi Bit S i 
NJ»fc©«««iSS*rr*t.©*flil»Tt.J:i»o k£>\ 

z(Dt%-g, mmm&(Dm±mts i Njgit-rsct^*!? 
.fcuo 

[00 7 0] ±i£©^ 7 ©|§jteff$<gl3 33 UT 

H^l3lfte£ Ufc^v Z<D&m*. G aNSMy-f^- 
KttfcJS&s G a N*F E T&tG a NStf*ff*?ffl 

9^l3S§«UTt«fcu 0 
[00 7 1 ] 

[SSSBOJft*] tt±KR8Lfc«fc-3«Z. C©«9i©*1 CD 
A<Tr$-2.o Cttl3<t0. Z<DMitW)2fc I I I — VJMbla 

fci**ai#ispB 

ififfla«©«3fil^»fflr?»3i:irJ;0x <S$Si4©^L>* 

& tear nk^ts. 
[0072] z<D%*nom2<D%mz&ti\t^ &m±.iz 

fe. J*S-7^^©±«8©«* < 4. 8/UmttTT-fei.d.t 

13 «t 9 . ^nmtm* 1 1 1 - vm<b-&4ii^aifMi=:^ 

& o 

[H11 ] /S^^X^O)±iSa)f|ii$^^TG a N/I&iS 
[H3] HI I33sm»fc«&4fi8*ftf*-P, nJc^V 
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9^ 



[04] GaNJi©j$Jlf#c7)H 2 #*i:N 2 

£ 9& £ -fr -f £ g a n m & ai^j^fi * * & £ t # ^ 

tg^S i 0 2 K©±*«)«©±l»<*©SEft*ttWt"4*: 

[0 6 ] ^0^©^2CD*JEff$?JiC<t§GaNji(D 

[1218 ] C(D*0^O^4 6D*«B^iC«tSGaNS© 
[1219 ] C<Z)ftW^!S5©IIJIfije«t«fc5GaN«a) 
[Ull 0] ^©«W©*6©5lilHBJBt:J;SGaNJi 
[Ull] GaN©ai«fiKft«C*^T. iS!^-^—** 



[HI 2] C©»?HcD!B7<OSHIiyBj8K:<t4GaN* 
^ajffr U -If OSIig^S SrSiW -T 3 fc #>CD»r® SIT fe 
*• 

[013] CCD«W<c«tSGaNil©fiES^i£iciJt^ 

[HI 4] «£*aHftJ:aOaNJicDj«JI*JS*KW 
[HI 5] GaNO»iRjsRSt:*5(J-^^R6oeJ6©« 
[11 6] 8£*a«t: < t*GaNJBc!)j«**»eDH« 

1 - • • cl*7 7-f7ltg, 2, 4 - • • GaNi> 



S i 0 2 ^ 5 



Ms 6 • • • nSAlGaN^7y KIk 7 • • • nl 
GaNMSl, 8 • • • rSt£JI, 9 • • • piGaN 
10 • • • pMA lGaN^7f KB. 1 1 
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